Parental caretaking is critical for child health and psychological development. Evolutionary logic and empirical studies suggest that stepchildren sometimes may receive less care and experience more traumas than genetic offspring. In this article, we investigate the effects of stepfamily environment on children's physical growth as part of a 12-year Here we analyze data from a longitudinal series of anthropometric measures collected in 1997, 1998, and 1999. To assess general growth, we measured height, weight, head circumference, triceps skinfold, subscapular skinfold, and peri-umbilical skinfold. We also collected medical records of weight from birth through 3 years of age. To assess fluctuating asymmetry (FA), we measured bilateral (right and left side) arm circumference, calf circumference, wrist breadth, ankle breadth, ear breadth, ear height, and length of digits 2-5. Coresidence with stepfather was associated with suboptimal growth. Female stepchildren aged 0-10 and male stepchildren aged 10-20 had lower body weight for age than other children, including their coresident half-siblings. Stepchildren and nonstepchildren had similar weights at birth, and similar muscle and fat cross-sections. Contrary to expectations, FA of stepchildren was lower than in other children. Recognition of the high risk of poor growth for stepchildren is important because of subsequent associations with morbidity, psychological problems, and educational performance. Why stepchildren had significantly lower FA than others warrants further investigation.
hildren face a variety of environmental insults that cause suboptimal patterns of growth (Bogin 1999; Sellen 1999) . Pathogens, malnutrition, insufficient sleep, and psychosocial trauma may disrupt phenotypic development. Stepchildren may endure more of these challenges than children in other family arrangements and, therefore, experience more growth disruptions. Here we examine anthropometric, demographic, and ethnographic data collected from 238 children and their families living in a rural village on the eastern coast of Dominica.
Prior investigation indicated that stepchildren have higher cortisol levels than other children, indicating stressful stepfamily environments England 1995, 1997) . Analyses of growth data presented here indicate that stepchildren are smaller (lower weight for age) on average than are children in other family arrangements. However, there is variation, with some stepchildren exhibiting above normal growth. Contrary to expectations, fluctuating asymmetry (FA) was lower among stepchildren.
We interpret these results as evidence of the complexity of family environments and how children respond to them. The factors affecting growth outcomes appear common to stepfamiles and nonstepfamilies. In this population, as appears true of most human groups, mothers provide the majority of caretaking effort that affects child growth. But human families exhibit considerable flexibility-especially in the economic conditions of the rural Caribbean-and a variety of alternative caretakers such as fathers, grandparents, aunts and uncles, older siblings, steprelatives, and neighbors may temporarily or permanently contribute to the well-being of children, especially during times of need. In most cases, stepchildren and their caretakers cope with the difficulties involved with their particular family relationships. Residence change, usually to nearby relatives such as grandparents, is a common response if the stepfamily environment is problematic. Children raised by grandparents, or a combination of mother with grandparents, have above average growth in this population. In contrast, the high rates of stepchild abuse in industrialized societies may reflect in part the absence of alternative caretakers that are available in kin-based societies.
Although our conclusions are tentative because of the limited number of children in this study, analyses of data support the hypothesis that stepfathers have negative effects on child growth. A multitude of complex factors associated with maternal care (prenatal condition, duration of breastfeeding, work outside the home, kin networks, parenting style, personality) and individual characteristics of the child (parent size, resistance to infectious disease, temperament) also appear salient, but are beyond the scope of this preliminary analysis. We suggest that detailed longitudinal monitoring of family environment is necessary to better understand how steprelationships affect child growth and development in this population.
THE STEPFAMILY
The provision of costly caretaking to an unrelated recipient child runs counter to the Darwinian logic of investment proportional to genetic overlap. Steprelations are C likely to have been commonplace during human evolution (Chagnon 1982) , providing a basis for natural selection to have designed human psychology to respond appropriately to available proximate cues (Daly and Wilson 1995) . We might expect, therefore, indifferent emotional and material efforts at best, and lethal abuse at worst, by stepparents.
Stepchildren, however, are not simply unrelated parasites; they are a special type of relative by marriage. Similar to other affines or "in-laws," steprelationships hinge on the marital/mating relationship of a genetic relative. Human societies involve networks of kin reciprocity, with favors often returned indirectly: "Don't worry to pay me, you are helping my child."
1 Assessment of a potential mate by a woman involves what he has to offer her relatives, including especially her children from previous relationships.
The initial establishment of a new mating relationship is a period of high risk for suboptimal caretaking and, potentially, growth disruptions. The power dynamic between a child's parent and the new mate is critical. Women with more to offer relative to their mates are in a position to demand more in the way of stepparental care. Conversely, women with less to offer may be less able to prevent actions that are not in their interests, such as neglect or abuse of their children. Indeed, if children from a previous relationship are a serious impediment to establishment of new relationships-because males avoid relationships entailing investment in someone else's children-mothers may themselves be motivated to remove or minimize their own parental obligations.
Social reputations are another important consideration. Humans observe and gossip about one another. Men who mistreat their wives' children may be stigmatized. It may be in a man's interests to convey the impression of a "good caretaker." Once in the good graces of a mother, however, negotiations concerning investment in her offspring are not finished. Stepchildren are active participants in the brokering of the new family deals, working hard to create the best situations for themselves. Stepchildren may be upset by the new arrangements and behave badly from the perspective of their stepfathers, who in turn may be frustrated by their mates' objections to steppaternal discipline.
Pregnancy and birth of a child fathered by the new mate complicates the situation. Now stepchildren are competing directly with their stepfather's genetic offspring for parental care. Mothers may be less able to defend the interests of their children from previous relationships because mothers depend more on their new mates to provide for the new babies and, burdened with new babies, they are less attractive to other males (Flinn 1988) .
Some of the challenges faced by stepchildren change with age. Social and economic support of a father is critical for young adult males to acquire the resources and social status necessary to attract mates. Sexual pressure from stepfathers and the need to obtain support from adult males may influence teenage girls to establish mating relationships that facilitate leaving the stepfamily environment.
In summary, the absence of a genetic relationship between stepchildren and stepparents may affect the quality and quantity of care-including specific behaviors that affect nutrition, sleep routines, hygiene, medical attention, work loads, instruction, comforting, protection, and so forth-with consequent effects on growth.
HYPOTHESES
We first compare growth of children living in stepfamily environments with those residing in nonstepfamily environments (children living with both parents and children living with mother and/or other relatives such as grandparents, but without a stepfather). Our expectation is that stepchildren receive less parental care and hence have dimished growth. Analyses of data for hypothesis 1 indicated age-and sex-specific growth effects. Males and females may respond differently to stepfamily environments. Children usually reside with their mother after a conjugal dissolution (the rare exceptions are adolescent males); hence, most stepfamilies (all of those considered in this paper) are composed of mother with stepfather. Female response to father absence may involve early maturation (Belsky et al. 1991) . Male response to father absence may involve social subordination (Flinn et al. 1996 (Flinn et al. , 1998 Geary 2000) . These father-absence effects may be increased by the presence of an unrelated stepfather for both males and females. Stepchildren may have diminished growth because of the lack of parental care from their fathers. To test whether stepfathers have negative effects on child growth beyond the effects of lacking a coresident father, we compare growth of stepchildren with father-absent children. FA is an indicator of developmental stability (Thornhill and Møller 1997; van Valen 1962) . Perturbations from pathogens, poor nutrition, psychosocial stress, exposure to toxins, and so forth, result in deviations from ideal symmetry. A composite of seven bilateral anthropometric measures is used to estimate FA. If stepchildren are exposed to more developmental insults, they are expected to have higher FA than other children. 
THE STUDY VILLAGE
Bwa Mawego is a rural village located on the east coast of Dominica. About 600 residents live in 180 structures/households that are loosely clumped into five "hamlets" or neighborhoods. The population is of mixed African, Carib, and European descent. The village is isolated because it sits at the dead end of a rough road. Parttime residence is common, with many individuals emigrating for temporary work to other parts of Dominica, other Caribbean islands, the United States, or Canada. Most residents cultivate bananas and/or bay leaves as cash crops, and plantains, dasheen, and a variety of fruits and vegetables as subsistence crops. Fish are caught by free-diving with spear guns and from small boats (hand-built wooden "canoes" of Carib design) using lines and nets. Land is communally "owned" by kin groups, but parceled for long-term individual use.
Most village houses are strung close together along roads and tracks. Older homes are constructed of wooden planks and shingles hewn by hand from local forest trees; concrete block and galvanized roofing are more popular today. Most houses have one or two sleeping rooms, with the kitchen and toilet as outbuildings. Children usually sleep together on foam or rag mats. Wealthier households typically have "parlors" with sitting furniture. Electricity became available in 1988; during the summer of 1995 about 70% of homes had "current," 41% had telephones, 11% had refrigerators, and 7% had televisions. Water is obtained from streams, spring catchments, and runoff from roofs; public piped water became available in June 1999, but few households are connected.
The village of Bwa Mawego is appropriate for the study of stepchild growth for the following reasons: (1) there is substantial variability among individuals in the factors under study (family environments, growth, and stress); (2) the village and housing are relatively open, so behavior is easily observable; (3) kin tend to reside locally; (4) the number of economic variables is reduced relative to urban areas; (5) the language and culture are familiar to the investigators; (6) there are useful medical records; and (7) local residents welcome the research and are most helpful.
The study involved 238 individuals aged 0-20 years residing in 78 households. This is a nearly complete sample ( Ͼ 95%) of all children living in four of the five village hamlets during the period of fieldwork. More than 34 months of field research were conducted over a 12-year period (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) .
METHODS AND FIELD TECHNIQUES
We collected growth and FA data during five cross-sectional surveys. Sample sizes of participants measured were 125 in August 1997 (by M.V.F. and Mark Turner), Steve Gangestad, and Randy Thornhill) . For the longitudinal FA data, 54 of the participants were measured in all four surveys, 62 were measured three times, 57 were measured twice, and 58 were measured only once. Growth data without FA were collected from 157 participants in July 1993 (R.J.Q.). Medical records of weight from birth through 3 years of age were collected on several different occasions since 1988. Here we present analyses of data from the 1997, 1998, and both 1999 surveys. The other data were used to cross-check results from these surveys. For all statistical analyses, repeated measures for each child from the four (1997-1999) surveys were averaged.
The family composition of each child was recorded during the anthropometric surveys. Children were categorized as step, father absent, or other (biparental or mother with kin), based on their family composition at the time of the 1997, 1998, and 1999 surveys. In the few cases where children changed family composition, they were categorized as "step" if they were stepchildren during any of the four surveys.
Measurements were taken at individual houses or outside locations throughout the village using standard anthropometric techniques (Frisancho 1990 ). All instru- Older males (ages 10-20) living with a stepfather weigh less than male not living with a stepfather (mean percentile for step ϭ 16.3, n ϭ 5; mean nonstep percentile ϭ 38.4, n ϭ 39; Mann-Whitney U ϭ 41; one-tailed p ϭ .017). There is no significant weight difference between step and nonstep males less than 10 years of age (mean percentile for step ϭ 43, n ϭ 5; mean nonstep percentile ϭ 53, n ϭ 35; Mann-Whitney U ϭ 62; one-tailed p ϭ .200). Data are averages of repeated measure (1997-1999) for each child. Error bars represent standard error of the mean. ments were portable because of the difficult terrain. Barefoot standing height was measured to the nearest millimeter using a portable anthropometer. Children who could not stand were measured recumbently on a flat surface. Weights were measured to the nearest pound (lb) with a portable scale (Health-O-Meter). The scale was placed on a flat surface and subjects were asked to remove their shoes. At each location, the scale was calibrated using known weights of members of the measuring team. Children who were too young to stand on the scale were measured by having an adult, usually the child's mother, hold the child on the scale together; the weight of the adult was subtracted to obtain the weight of the child. Growth standards from the U.S. National Center for Health Statistics (NCHS; Hamill et al. 1997 ) were used to compute height and weight for age percentiles using the EPIinfo 6 program.
Head circumference, right and left arm circumference, and right and left calf circumference were measured to the nearest 0.5 mm with a fiberglass tape. The arm and calf asymmetry measurements are not used in the current study.
Skinfolds were measured to the nearest 0.1 mm with a Harpenden skinfold caliper. Triceps skinfolds were measured at the midpoint on the right arm. When permitted by the type of clothing worn, subscapular and umbilical skinfold measures Older males living with a stepfather are marginally shorter than males not living with a stepfather (mean percentile for step ϭ 23, n ϭ 5; mean nonstep percentile ϭ 41, n ϭ 39; Mann-Whitney U ϭ 58; one-tailed p ϭ .077). There is no significant height difference between step and nonstep males less than 10 years of age (mean percentile for step ϭ 43, n ϭ 5; mean nonstep percentile ϭ 55, n ϭ 33; Mann-Whitney U ϭ 62; one-tailed p ϭ .200). Data are averages of repeated measures (1997) (1998) (1999) for each child. Error bars represent standard error of the mean. also were taken. All skinfold measures were obtained by averaging three separate readings, except when the procedure seemed uncomfortable for the child.
Maximum medial-lateral diameters of the right and left wrist and ankle were measured to the nearest 0.05 mm using spreading calipers. Right and left ear width to the nearest 0.05 mm was measured from the most anterior point at the superior margin of the tragus to the most posterior point of the ear in line with the eye using sliding dial calipers. Ear height was measured from the most superior point with the head level to the most inferior point of the earlobe. Digits 2 through 4 were measured on both the right and left hands using sliding dial calipers. Measurements were taken from the tip of the finger down the midline to the most proximal crease above the joint between the metacarpal and the first phalange.
Duplicate measures were recorded for all FA data in June-July 1999 to calculate reliability. Repeatability across measurements of the composite index of FA ( r IC ) was .67 and highly significant for all characters. For all traits, the two measurements of each side were averaged. In previous surveys repeated measures were taken to ensure accuracy.
Asymmetry for each trait was calculated by subtracting the left side from the right side and then dividing by 0.5 of the right plus the left [A ϭ (R Ϫ L)/0.5*(R ϩ Figure 5 . Younger females living with a stepfather weigh less than females not living with a stepfather (mean percentile for step ϭ 31, n ϭ 4; mean nonstep percentile ϭ 61, n ϭ 44; Mann-Whitney U ϭ 28; one-tailed p ϭ .011). There is no significant weight difference between step and nonstep females age 10 and older (mean percentile for step ϭ 40, n ϭ 5, mean nonstep percentile ϭ 46, n ϭ 33; Mann-Whitney U ϭ 103; one-tailed p ϭ .281). Data are averages of repeated measures (1997) (1998) (1999) for each child. Error bars represent standard error of the mean.
L)], producing a directional measure of asymmetry. For each survey, averages of right and left handers were calculated for each trait to determine if measures were significantly affected by handedness. No significant biases were observed. Antisymmetry was extremely small (0.025% for all traits). The absolute values of the calculations for each trait were averaged to get a composite measure of FA for each subject.
All statistical analyses were performed using SPSS for Windows 7.5.1
RESULTS
Male stepchildren have normal height and weight during early childhood, but begin to fall behind during late childhood, and have subnormal growth during adolescence and puberty (Figure 1 ). Female stepchildren have low height and weight during early and middle childhood, but grow rapidly during adolescence and puberty, tending to mature early (Figure 2 ). These differences are independent of birth weight.
Comparison of age groups 0-10 and 10-20 indicates significant growth differences for males and females. Males in stepfamilies have normal height and weight in the 0-10 age category, but lower height and weight in the 10-20 age category (Figures 3 and 4) . Females living in stepfamilies exhibit a different pattern, with lower height and weight in the 0-10 age category, but normal height and weight in Figure 6 . There is no significant difference in height for step and nonstep females in either age group (0-10 age group: mean percentile for step ϭ 49, n ϭ 4; mean nonstep percentile ϭ 59, n ϭ 44; Mann-Whitney U ϭ 67; one-tailed p ϭ .230; 10-20 age group: mean percentile for step ϭ 52, n ϭ 8; mean nonstep percentile ϭ 49, n ϭ 30; Mann-Whitney U ϭ 118; onetailed p ϭ .479). Data are averages of repeated measures (1997) (1998) (1999) for each child. Error bars represent standard error of the mean. the 10-20 age category (Figures 5 and 6 ). These patterns are independent of household SES, and they exist between stepchildren and their coresident half-siblings who are genetic offspring of the resident mate of their mutual mother. These data support the hypotheses that child growth is negatively affected by stepfamily environments (hypothesis 1) and that there are age-and sex-specific differences in stepchild growth (hypothesis 2).
Children residing in father-absent families (no father, no stepfather) have growth patterns similar to children in biparent families, and are significantly heavier than stepchildren (Figure 7) , suggesting that stepfathers have negative effects on child growth beyond the effects of the lack of paternal investment in father-absent families.
Surprisingly, the observed differences in FA, whereas not significant, are in the opposite direction (lower) for all sex and age categories of stepchildren (Figure 8) .
Stepchildren who coresided with a stepfather long-term (more than half of their lives) have significantly lower FA than other children (Figure 9 ).
DISCUSSION AND CONCLUDING REMARKS
The objective of our long-term ethnographic study in Bwa Mawego is to monitor children's social and physical environment, behavioral activities, health, mental per- Male and female stepchildren weigh less than father-absent children. (mean percentile for step females ϭ 37, n ϭ 12; mean percentile for father-absent females ϭ 63, n ϭ 16; Mann-Whitney U ϭ 40; one-tailed p ϭ .004; mean percentile for step males ϭ 31, n ϭ 9; mean percentile for father-absent males ϭ 53, n ϭ 15; Mann-Whitney U ϭ 35; onetailed p ϭ .028). Data are averages of repeated measures (1997) (1998) (1999) for each child. Error bars represent standard error of the mean.
ceptions, and physiological states in a naturalistic setting so as to better understand relations among family environment, stress responses, and health. Preliminary analyses of anthropometric data presented here indicate that stepchildren do not grow as well as children in other family environments.
Our long-term experiences with the children of Bwa Mawego suggest a number of possible reasons for these results. Probably the most important correlate of household composition that affects childhood growth is maternal care. Mothers in socially "secure" households (i.e., permanent amiable coresidence with mate and/or other kin) appeared more able and more motivated to provide physical, social, and psychological care for their children. Mothers without mate or kin support were likely to exert effort attracting potential mates, and they may have viewed dependent children as impediments to this. Hence, coresidence of father may provide not only direct benefits from paternal care, but also may affect maternal care (Belsky et al. 1991; Daly and Wilson 1995; Draper and Harpending 1988; Flinn 1992; Hurtado and Hill 1992; Lamb et al. 1987; Lancaster 1989) . Young mothers without mate support usually relied extensively on their parents or other kin for help with childcare, with apparently good growth outcomes for their children. Consistent with the hypothesis that nonparental kin contribute to child well-being, children with higher average relatedness (Fg) to the village have higher height and weight for age. Coresidence with a new mate may interfere with alloparental care, with consequent poor growth outcomes. The lack of extensive help from kin may account for the greater Stepchildren trend toward lower fluctuating asymmetry (FA) as compared to nonstepchilden; however, the differences are not statistically significant for each age/sex group (females 0-10 age group: mean step FA ϭ .024, n ϭ 4; mean nonstep FA ϭ .025, n ϭ 44; Mann-Whitney U ϭ 167; one-tailed p ϭ .418; females 10-20 age group: mean step FA ϭ .023, n ϭ 9; mean nonstep FA ϭ .024, n ϭ 39; Mann-Whitney U ϭ 70; one-tailed p ϭ .246; males 0-10 age group: mean step FA ϭ .024, n ϭ 5; mean nonstep FA ϭ .026, n ϭ 35; Mann-Whitney U ϭ 82; one-tailed p ϭ .422; males 10-20 age group: mean step FA ϭ .022, n ϭ 5; mean nonstep FA ϭ .024, n ϭ 48; Mann-Whitney U ϭ 106; one-tailed p ϭ .279). Error bars represent standard error of the mean. effect of father absence in western societies (cf Deater-Deckard and Dunn 1999; Emery 1988; Gottman and Katz 1989; Hurtado and Hill 1992; Lamb et al. 1987) .
We speculate that several factors mediate the risk of poor growth for stepchildren: (1) the dynamics of the conjugal relationship between parent and stepparent, (2) alloparental care provided by other relatives, (3) physical and psychological characteristics of individual children (including stress levels) and their caretakers, and (4) the age of the child when the family transition occurs. We currently are conducting a longitudinal assessment of relations between these factors and child health (including illness, nutrition, cortisol profiles, and immune function).
We are puzzled by the FA results. We expected that the more difficult family environments of stepchildren would diminish developmental stability, resulting in higher FA. The data indicate the opposite. We speculate that FA among children in this population may be associated with the pace and extent of growth spurts, inbreeding, and duration of breastfeeding, in addition to disruptions from illness or stress. Preliminary analyses of FA among adults in Bwa Mawego indicate negative associations with mating attractiveness, social/intellectual status, and economic condition (Gangestad et al. n.d.) . We are uncertain why there appear to be opposite rela- Stepchildren who have coresided with a stepfather for more than 50% of their lives have significantly lower fluctuating asymmetry (FA) than nonstepchildren (mean 50% cores step FA ϭ .0205, n ϭ 9; mean nonstep ϭ .0249, n ϭ 174; Mann-Whitney U ϭ 509, one-tailed p ϭ .0385). Data are averages of repeated measures (1997) (1998) (1999) for each child. Error bars represent standard error of the mean.
tions between FA and environment for the children compared with the adults. We currently are investigating longitudinal change in FA.
Preliminary investigation of nutritional surveys and our long-term observations suggest that impaired food intake is not the primary determinant of growth deficiencies in this population. We suspect that a child's psychosocial environment has important effects, and that parent-child relationships may influence growth outcomes via several neuroendocrine mechanisms (Bogin 1999; Carter 1998; Flinn 1999; Francis and Meaney 1999 ) that affect immune function and morbidity.
